In an account given by one of us in 1890 of the results of an investigation of th e histological and physiological changes which take place in the seeds of the G rasses during germ ination,* a pro m inent position was given to a discussion of the relations existing between the endosperm and embryo, and to the part played by each in the preparation of th e reserve m aterials of the seed for the nutritio n of th e young plant. This bran ch of the inquiry was m uch facilitated by the discovery th a t the embryo, w hen separated from the other p arts of the seed, is capable of an independent existence, providing it is supplied w ith a suitable artificial n u tri ment in the form of certain carbohydrates, its own store of proteids being sufficient to supply th e nitrogen requisite for the production of young p lan ts of a considerable size.
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[P late 1.] In an account given by one of us in 1890 of the results of an investigation of th e histological and physiological changes which take place in the seeds of the G rasses during germ ination,* a pro m inent position was given to a discussion of the relations existing between the endosperm and embryo, and to the part played by each in the preparation of th e reserve m aterials of the seed for the nutritio n of th e young plant. This bran ch of the inquiry was m uch facilitated by the discovery th a t the embryo, w hen separated from the other p arts of the seed, is capable of an independent existence, providing it is supplied w ith a suitable artificial n u tri ment in the form of certain carbohydrates, its own store of proteids being sufficient to supply th e nitrogen requisite for the production of young p lan ts of a considerable size.
The carbohydrates m ost favourable to rapid grow th in such cases are sucrose, dextrose, and m altose; b u t it was also found th at the embryo, when deprived of such readily assim ilable m aterial, acquires th e power of dissolving solid starch to a very notable extent, a function which was subsequently localised in the colum nar epithe lium of the scutellum .
The endosperm itself was also subjected to examination w ith a view' to determ ine if it possesses any pow er of acting on the reserve m aterials contained within its cells, and of bringing about any self-depletion which is independent of the influence of the embryo.
This question was attacked in two different ways. In the first place, endosperms, afte r being degermed, were placed under favour able conditions for th e full play of any metabolic activity which m ight be possessed by any portion of their tissue, every facility being afforded for the rapid outw ard diffusion of th e products of change ; and, secondly, advantage was taken of a fact which had previously been established, th at an embryo may be transferred from one endosperm to another w ithout m aterially affecting its power of subsequent grow th ; thus affording an opportunity of subjecting an endosperm to such treatm ent as may reasonably be supposed capable of destroying any residual vitality in its cells, and of then observing how this affects the subsequent development ■of a fresh embryo " grafted " upon it.
For the full details of these experim ents we m ust refer to the * Brown ancl Morris, ' Cliem. Soc. Joum .,' vol. 57, p. 458.
of contact with the plaster, a fact which the author attributes to the accumulation, within the endosperm of an excess of soluble products, which thus exercise an unfavourable influence on the continuous chemical change of the solid reserve substances. In view of Haberlandt's assertion that the cells of the " Kleberschicht " have a distinct diastase-secreting function, Hansteen experimented in a similar manner with endosperms which had been deprived of this layer, and he found the same indications of selfdepletion as beforp. He therefore concluded that the dissolution and depletion which he had observed are due to a special activity of the inner starch-bearing cells of the endosperm. The question is then discussed whether, during germination, the embryo does or does not secrete an enzyme, and the conclusions arrived at are in accord with those of Brown and Morris, and Grfiss, that such a secre tion does take place. Hansteen, again agreeing with the former observers, regards this secretion of diastase as conditioned by the falling off in the supply of readily soluble carbohydrates; whether, however, the diastase so produced plays an important part in normal depletion, or whether the asserted self-depletive power of the endo sperm-cells is sufficient, in normal germination, to account for all the observed results, the author leaves an open question.
In a long memoir entitled " Beitrage zur Physiologie der Keimung," * J. Griiss discusses the question of the appearance of fer ments in the endosperms of maize and barley after excising the embryos and filing off the " Kleberschicht " (" aleurone-layer "). Prom experiments made by burying fragments of such endosperms for a few days in sterilised moist sand, he concludes that the starch bearing cells have the power of producing spontaneously within themselves a diastase, the presence of which he determined, in the first place microscopically by the extremely doubtful guaiacum-reaction, and secondly by the increased action of the endosperm-tissue On thin starch-paste.
The most recent contribution to the subject is a paper, taking the form of a preliminary communication, by K. Puriewitsch, " Ueber die selbstthatige Entleerung der Reservestoffbehalter/'t followed since by a more detailed paper, entitled " Physiologische U n tersu ch u rigen fiber die Entleerung der Reservestoffbehalter."J Making use in the main of Hansteen's method of experiment, Puriewitsch examined, amongst other seeds, the isolated endosperms of Zea , savivum, Hordeum distichon, Secale cereale, extended his observations to the cotyledons, bulbs, rhizomes, and roots of various other plants, a list of which is given in his paper, In the case of maize he found th e first indications of action in th e cells lying next th e scutellum , and this gradually extended along th e periphery of th e endosperm un til, w ithin fourteen or fifteen days,, this was completely em ptied of its contents, w ith the exception of a few cells in th e central portions. H e states th a t th is action is not due to any direct influence of the plaster, as suggested by Griiss, since it takes place also in contact w ith w ater only. In th e coty ledons of Lupinus th e depletion takes place even w ith g re a te r rap id ity th an in norm al germ ination, and no difference is observed w hether the cut surface in contact w ith the w ater or gypsum , as the case may he, is on th e side adjacent or opposite to the axial organs. W ith th e isolated endosperms of m aize and wheat, on th e other hand, Purievvitsch states th a t the case is different, since self-deple tion proceeds m uch m ore ra p id ly th ro u g h th e surface originally in contact w ith th e scutellum th an it does from the opposite side. T he author also found th a t the depletion of th e endosperm is m uch retarded in the case of m aize and w heat by the presence in the w ater of 2 p er cent, of dextrose or glycerine, or by 3 per cent, of cane sugar, and th a t it is com pletely arrested by 1*5 per cent, of sodium chloride or potassium n itrate. The results on the whole are regarded as contradicting the conclusions of Brown and M orris th at the endosperm is m erely an inactive storehouse of reserve m aterial, and Puriew itsch considers th a t th is is fu rth e r borne out by the behaviour of isolated endosperms in an atm osphere of w ater and by the action of an esth etics such as ether and chloroform. U nder these latter conditions, he states th a t th e endosperms of maize and wheat rem ain unchanged, but th a t the depletive action recommences as soon as th e disturbing influences are removed.
A ttem pts were made, by applying food m aterial in the form of weak sugar solu tions, to induce a re-deposition of reserve m aterial in the self-de pleted tissue. These attem pts were wholly unsuccessful in th e case of maize and wheat, b u t the emptied cotyledons of Lupinus albus and 1 haseolus multiflcrus, the bulbs of Hyacinthus orientalis, and the rhizomes of Curcuma amada and Iris yermanica were all capable of re-forming starch w ithin th eir cells. I t will be noticed th a t in the recent w ork of H ansteen, Pfeffer, Griiss, and Puriew itsch, there is a general agreem ent th a t the amyliferous cells of the endosperm of the Grasses have a definite power of digesting th eir reserve materials, this power being entirely inde pendent of any influence of the embryo, and the only necessary con dition for its exhibition being th a t the products of metabolism shall not be allowed to accumulate w ithin the endosperm. The conclusion is, in fact, th at the starch-bearing endosperm-cells are still living units, ju st as are the cells of the cotyledons of , and Ricinus, which are adm itted on all hands to have self-depletive power.
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As these conclusions are in many respects opposed to those arrived at by one of us a few years ago, we have considered it necessary to institute a further series of experiments, and to re-examine the whole question of the mutual dependence of the embryo and endo sperm. In doing this we have endeavoured to free our minds of any bias which might, even unconsciously, have been given by our previous experiments, and to subject those experiments to the strictest possible criticism.
Broadly speaking, the question resolves itself into a consideration of the various causes at work in bringing about the solution of the reserve material of the seed in preparation for its absorption by the scutellum of the young plant, and the due apportionment of this work to (1) the embryo itself, (2) the amyliferous cells, and to (3) the peripheral cells of the endosperm, the so-called " aleurone-layer " or " Kleberschicht."
In addition to this, we have to take into account the possibility of some of the changes being brought about by enzymes pre-existent in the amyliferous cells, which may be altogether independent of the present life of the cytoplasm. We have, further, to determine the part played by micro-organisms accidentally brought into action ■during the experiments, and to eliminate the changes due to their influence alone.
In woi'k of this character we can only attain to results of any value by a great multiplication of experiments made in such a manner as to admit of the close and frequent comparison of different series performed under every conceivable variation of conditions. All our new work was conducted on barley only, and the results are based on very many hundreds of experiments, extending over a period of more than twelve months, during which time various possible sources of error were gradually excluded.
As long as we confine our attention to intact seeds the disturbing influence of micro-organisms is but small, but the case is different when the seed envelopes have to be cut through and the embryo removed, the endosperm, thus bared and deprived of its protective coatings, being then open to the attack of bacteria and moulds, which thrive in the culture-medium employed, and by their action induce changes in the contents and cell-membranes of the endospermcells which it is almost impossible to distinguish from those initiated y the cells themselves, supposing them to be living and active units.
At the outset of the investigation we spent a considerable time in en eavouiing to find some antiseptic agent possessed of such a differ ential action as to inhibit, or at any rate to materially retard, the. growth of micro-organisms, whilst not interfering with the normal growt of vegetable organs. Many various reagents were tried, com m encing w ith extrem ely d ilate solutions, which were gradually increased in stren g th u n til th eir influence on the germ inative power of the seed was ju s t perceptible. The germ icidal effect of such a solution was th en tested on degerm ed grains in w ater-culture. A t one tim e extrem ely dilute solutions of form aldehyde and of acid potassium fluoride offered some hope of success in this direction, but neither of these substances on fu rth e r investigation gave a sufficient differential action to be of any practical use.
In th e experim ents of 1890 (B row n and M orris, loc. cit.) the dis tu rb in g effect of m icro-organism s was m inim ised by re stric tin g the tim e of the experim ent as fa r as possible, and by sterilising the culture-m edia, and we have seen th a t H ansteen relied on killing the adherent germ s w ith a solution of copper sulphate, and on the em ploym ent of strict an tiseptic methods, even to the extent of carry ing out all th e operations in a germ -free atm osphere.
We have made experim ents in order to see how far such a tr e a t m ent w ith copper sulphate effects sterilisation of the integum ents, the grain after such tre a tm e n t being incubated in contact with vege table infusions. The resu lts have clearly shown us th a t although such a procedure m ay retard th e subsequent developm ent of Bacteriacece and moulds, it is im possible by means of it to ensure a com plete destruction of all the germ s adherent to the paleee, unless the treatm en t is sufficiently prolonged to destroy, or at any rate to m ate rially reduce, th e germ inative power of the embryo.
Since any process w hich will affect the tvitality of the embryo cannot be w ithout some sim ilar influence on th e endosperm , there is thus introduced an elem ent of u n ce rtain ty into all subsequent pro cesses w hich m aybe devised for determ ining w hether the amyliferous cells are living or dead.
Extrem e refinements for avoiding air-sown organism s are obviously of little efficacy when complete in itial sterilisation of the exterior of the grain cannot be ensured. Nevertheless, m any of our experiments have been carried on w ith precautions of th is kind, but have not yielded better results th an those made in covered dishes w ith sterili sation of the culture-m edia and apparatus.
In all experim ents w ith endospermous seeds deprived of th eir embryos both H ansteen and Pfeifer have, very property, laid great stress on the necessity for providing for a rapid removal of any possible products of change in the isolated endosperm as fast as they are formed, b u t these observers have apparently entirely overlooked the fact th a t this was fully insisted upon and provided for in the earlier experim ents described by one of us in 1890.* The plan adopted was to insert the proxim al ends of the degermed grains into small holes made in a th in mica plate, which was then floated # ' Cliem. Soc. Jouin.,' ]890, Trans., p. 481.
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Depletion o f the on water in such a manner as to just immerse that portion of theendosperm which had been in contact with the embryo. This method really affords much greater facilities for outward diffusion from the endosperm than does Hansteen's plan of fixing thedegermed seeds on small columns of plaster partially immersed in water, and it is also free from the objection of any possible disturb ing influence due to the solubility of the plaster. Moreover, the mica-raft method is easier of manipulation, and whilst giving per haps better facilities for sterilisation, also allows the detection of the very first appearance of micro-organisms.
The barley used in our experiments was Hordeum (vardistichon), derived from two sources. One, with which most of th e work was done, was a well-matured Chilian barley, of the Chevalier type, the other an English Chevalier barley grown on light land in Northamptonshire, both samples being well matured and well har vested.
It will be convenient in the first place to consider the visible changes which can be induced in the endosperm when this is com pletely deprived of its embryo, and is put under such conditions as to ensure the speedy removal of any soluble and diffusible products which may result from any self-digestive processes initiated by any portion of the endosperm tissue.
Some of our experiments on this point were made in the following manner:-The grain was, in the first place, steeped from one to two hours in a 1 per cent, solution of copper sulphate, and after being washed with sterilised water was steeped, also in sterilised water, for a period of from twenty-four to forty-eight hours. From the corns selected for experiment the palese and embryos were then removed with antiseptic precautions, this process being conducted in a glassfronted sterile operating chamber, furnished with " sleeves." The degermation was performed with a small scalpel, taking care to thoroughly remove all traces of the scutellum, and to lay bare the " depleted layer " of the endosperm.* The isolated endosperms were then put in position in small holes ma(^T)^U ve.ry thin mica-raft which was floated on sterilised water in a Petri s dish, or in a glass vessel of somewhat similar construction;
. ® ie nature and origin of this " depleted layer owmg the developmental history of the endosperm and embryo, and this has been so fully described in the Brown and Morris paper of 1890 {loo. cit.) that it requires ut a passing notice here. The " depleted layer" is made up of several thicknesses of cell-membrane, which originally formed part of the amyliferous cells of the young immature endosperm. During the later stages of development of the grain, an some time before maturation, the contents of these cells are used up for the nu ntion o the young embryo, but the cell-membranes persist and become squeezed together by the gradual encroachment of the scutellum.
In those cases w here com parisons had to be m ade between endo sperms trea ted in different ways the m ica-rafts were m ade to carry twelve corns, the two series of six each being placed on either side of the raft. In th is m anner there was an exactly equal chance of the two^ sets being infected to the same extent by extraneous organism s, an im portant condition, w hich often enabled us in a long series of experim ents to differentiate changes due to th e influence of organ isms from those due to other causes. L atterly we found these extrem e antiseptic precautions unnecessary for th e reasons already given, and we also found it undesirable to previously steep the grain before degerm ation, since the em bryo m ay readily begin to func tion slig h tly during th e softening process, especially w hen th e tem perature is high. In such cases th ere is a danger of th e projec tion of a small q u an tity of enzymes from th e embryo into the proximal portions of th e endosperm , and these enzymes, after de germ ation of th e g rain and the floating of the endosperms on therafts, may give rise to certain changes in the endosperm which may be wrongly attrib u ted to a self-digestive power of the endospermcells them selves, w hereas th e y have a different origin altogether.
I t is tru e th a t this source of error may be minim ised by reducing the period of steeping, and by keeping the tem perature of the w ater low ; b u t it is much more satisfactory to degerm the grain whilst still in its dry resting c o n d i t i o n , a process w hich does not present a difficulty. I t m ust, however, be perform ed w ith th e aid of a lens, so as to ensure the complete rem oval of the scutellum and the whole of its lim iting epithelial layer.
If endosperms th u s treated are soaked in w ater for from tw entyfour to fo rty-eight hours, and are then tran sferred to the perforated m ica-rafts in such a m anner as to im m erse'the whole of the depleted layer, we observe the following changes to take place.
\\ ithin two or th ree days from the commencement of the experi m ent the peripheral, trip a rtite layer of th e endosperm, the so-called " aleurone-layer " ( " K leberschicht "), shows an increasing tendency to separate from the adjacent am yliferous cells. This is noticeable in the first instance at the proxim al end of the endosperm, on th e dorsal side,* where the " aleurone-layer " is intersected by th e " depleted layer," and whilst it is to some extent traceable for some distance round the periphery tow ards th e ventral fold, it extends much more rap id ly in a distal direction along the dorsal side. W here there is th is megascopic indication of the separation of the " aleurone-layer," it is always found th a t the amyliferous cells? im m ediately u n d erlying,f show indications of change. In the fir,st * The dor m l side is that immediately opposite the ventral suture. The terms proxim al and distal are used with reference to the position of the embryo, t The outeimost layer of the amyliferous portion of the endosperm consists of place, the cell-contents become hyaline in appearance, owing to the protoplasmic matrix losing its granularity and acquiring a refrac tive power approximating to that of the embedded starch-granules. Later on these hyaline portions imbibe water and swell up enor mously, ultimately becoming very elastic and ductile, and capable of •extension into sticky, stringy masses, very similar in appearance to the gluten of the wheat-endosperm. We shall in future refer to this change as " gluten-formation." A t the same time the cell-membrane of the peripheral starch-cells swells up considerably, and as the action progresses the cell-walls undergo disintegration, with all the indications of cytohydrolysis as described by Brown and Morris.
It is to this cytohydrolysis that the separation of the " aleuronelayer " is due, and the disintegration due to this cause proceeds centripetally into the endosperm and extends round the periphery nearly to the ventral fold, whilst it advances more rapidly in a distal direction on the dorsal side. The extent to which this cytohydrolysis has proceeded is always evidenced megascopically by the reduction of the endosperm-contents to a " mealy " consistency, but even after the lapse of seven or eight days the actual amount of depletion is small, as long as micro-organisms are absent, or present only in comparatively small numbers. If, however, as is frequently the case, masses of Bacteriacece in the zooglcea-s selves to the mutilated surface of the endosperm, a very distinct removal of some of the endosperm-contents may take place.
The erosion of the starch-granules is genei*ally not very pronounced under these conditions, but when it does occur it always commences at the same point as the cytohydrolysis, that is, on the dorsal side, at the angle of intersection of-the " aleurone-layer " and the depleted layer,' and extends distally just as does the cytohydrolytic action.
The starch-erosion produced in this manner under the aleuronelayer is, in the main, very different in character from that observed immediately under the scutellum of a grain germinating normally with its embryo attached. Whilst in the latter case the action com mences by the formation of numerous minute " pits," this pre liminary pitting is rarely observable in the eroded granules lying under the alenrone-layer, ' which show the production of large rifts, and a general concentric dissolution of the various layers. We s all in futuie lefei* to these different modes of attack on the starchcells differing in general appearance from the more deeply seated cells. They are smaller, are packed with far smaller starch-granules, and the proportion of starchgranu es to proteinic contents is less. These peripheral cells constitute the youngest par.-o e starchy endosperm, and may be regarded as having been arrested in C. lr G J e °Prnenf by the falling off in the supply of formative material at the period of maturation.
granule as " sub-aleuronic " and " sub-scntellar " respectively; for although occasional instances m ay occur w here one form of attack merges insensibly into the other, yet, looked at generally, they differ so much from each o th er as to suggest th a t the transform ing agents are essentially different.
•
The accompanying photographs (P late 1) illu stra te these differ ences far b e tte r th an can any m ere description.
I t appears to us th a t the phenom ena w hich are observed when theendosperms of Hordeum are deprived of th e ir em bryos, and are treated in the m anner we have described, m ust be attributable to one or more of the following causes :-1. They may be th e resu lt of m icro-organism s originating in the culture-m edium , and g ra d u ally invading th e endosperm -tissues, which undergo progressive alteration either by the direct action of the organism s or in v irtu e of th e ir secreted enzymes projected intothe endosperm .
2. The phenomena may be due to residual enzymes, cytohydrolytic, am ylohydroly tic, and proteohydrolytic, left in the endosperm at the tim e of m atu ratio n and desiccation of the grain.
3. They may be due to the revival of m etabolic activity of still living cells of the endosperm w hen these are placed under favourable conditions of m oisture and tem perature, and facilities are afforded for the removal of the products of change. If this is the correct solution the active cells may be those of (a) the " aleurone-layer," or (b) the amylifei'ous portions of th e endosperm.
W e m ust now consider these three possibilities in detail.
We have already stated th at, no m atter how careful we may be in sterilising the apparatus and culture-m edium , th e appearance of micro-organisms is only a question of tinre, unless we employ an ti septic methods of so d rastic a n atu re as to seriously im peril th e vitality of the endosperm -tissue, a course which would render it impossible to get the answer we require as to the respective parts played by organism s and by autonomous changes in the endospermcells themselves. We can, however, arrive at certain conclusions by m aking a large num ber of experiments and by confining our observa tions to the period prior to the appearance of organisms, a period which, under favourable circumstances, may extend to about eight days. W hen this is done we find th at the changes originating in the first place under the " aleurone-layer" of the degermed seeds so far precede in point of tim e the appearance and m ultiplication of the Bacteriacece and moulds as to render it in the highest degree im prob able th a t the two sets of phenom ena are causally related to each other.
A much more satisfactory proof of the tru th of this proposition may be obtained in an entirely different manner. Endosperms of barley which hare been degermed in the dry state are, in the first place, steeped in a saturated aqueous solution of chloroform for twenty-four hours. After having freed the endosperms from adherent moisture, they are warmed gently for a few hours in a flask •connected with a water-pump, and are then steeped for a further period of twenty-four hours in running water, every trace of chloro form being thus removed. The endosperms are then floated in the msual manner on a mica-raft, alongside other degermed endosperms which have been merely steeped in water for forty-eight hours. The two sets of endosperms are thus under exactly similar conditions as regards their liability to attack by micro-organisms, and if the described " sub-aleuronic " changes of the endosperm are due solely to the direct or indirect influence of extraneous organisms the same results ought to be given by the two series, whereas, if the vitality of •any portions of the endosperm is a determining factor, evidence of this ought to be forthcoming, since one set of endosperms has been under conditions which would completely arrest the vital functions of any of their component cells.* When such an experiment is performed we find very considerable differences between the two sets of endosperms at all stages. W hilst the series merely steeped in water go through the ordinary cycle previously described in detail, the series made up of the chloroformed endosperms show no internal changes for a considerable period of time. In the latter case the " aleurone-layer," which so speedily separates under ordinary conditions, retains its unbroken continuity with the subjacent amyliferous cells, which in their turn preserve their cell-walls and cell-contents intact. Until the growth of micro organisms has progressed to a very considerable extent the endospermcOntents of tbe chloroformed grains show no megascopic or micro scopic change, except in the direction of a more hyaline appearance of the contents of the starch-cells, a change which is apparently the first stage of the " gluten-formationj" to which reference was made in an earlier part of the paper. There is neither cytohydrolysis nor amylohydrolysis apparent in the tissues until the micro-organisms which have attached themselves in a zoogloea state to the outside of "the depleted layer' have attained to a very luxuriant growth, and •even then the tissue-changes differ in some important particulars from those produced in a " livin g" endosperm. It is in fact possible, * In our earlier experiments it was assumed that a treatment with chloroformwater, sufficient to destroy the vitality of the embryo, would also be sufficient to kill the aleurone-cells. This, however, is not the case, the embryo being much more sensitive to the chloroform than the peripheral cells of the endosperm. W e have satisfied ourselves, however, that a twenty-four hours' steeping of the dry endosperms m chloroform -w ater at a temperature not less than 15° C. will perma nently destroy the functionating power of a ll the cells of the grain.
by such com parative experim ents, to differentiate w ith certainty the m odifying action of m icro-organism s from th e autonom ous action of ih e endosperm -celis them selves.
The action due to extraneous organism s always commences a t the surface of the " depleted layer," the cell-m em branes of which this is made up being softened, swollen, and ultim ately disintegrated. This cytohydrolytic action then gradually extends to the m em branes of the am yliferous cells, and the proteid contents of the cells are also involved in the change, w^hich ultim ately perm eates the whole of th e •endosperm.
There is, however, a strik in g difference between the mode of pro gression of th is bacterial action from th a t observed in " living " •degermed endosperms. In this la tte r case, as we have already noted, the action is essentially centripetal, com m encing under the aleurone-layer " on th e dorsal side, w here this layer is intersected by the " depleted lay er," and extending peripherally and axially, but more rapidly on th e dorsal side. In the degerm ed " d e a d " endo sperm s, on th e o th er hand, there is no differential progression of this kind, since the action, w hilst progressing in an axial direction, does n o t extend more rapidly along th e peripheral than th e central parts, and does not show th e slig htest tendency to more rap id extension on the dorsal side, a tendency which is so strongly m arked in " liv in g " degerm ed endosperm s in w ater-culture, or in in tact grains of barley undergoing ordinary germ ination. I t is only w hen the disintegra tio n of the endosperm -contents under the action of m icro-organism s has proceeded to a very considerable extent th a t any notable am ount of erosion of th e starch-granules is observable. This sometimes does n o t occur for m any days, a fact probably due to the bacteria not secreting any special starch-dissolving enzyme as long as they are well supplied w ith readily assim ilable food m aterial from other sources.
feo far th e conclusions are altogether opposed to the view th a t the norm al phenomena of endosperm solution and depletion, as they ■occur in degermed endosperms in w ater-culture, can be explained by th e action of extraneous micro-organisms. I t is tru e that, under certain circumstances, the mixed gro wths of Hacteriacece which attach themselves to the m utilated surface of the endosperm can induce changes in th e subjacent tissues by th e projection into them of certain enzymes, the products of th eir growth, b u t th is action can, w ith due care, be clearly differentiated from th e normal action, which is of quite a different character, and m ust be in some way selfinduced by the endosperm-cells themselves.
Before considering how far the norm al changes are dependent on th e vitality of any particular portion of the endosperm, we m ust inquire if the phenomena are in any way due to enzymes pre-existent in the endosperm-cells, and this inquiry is the more, necessary sine© we know that even the distal portions of the endosperms of the barley-grain contain a certain amount of a feeble diastase, and in most cases also a distinct amount of a cytohydrolytic enzyme.* In the first place we satisfied ourselves that both the amylohydro-[ < lytic and cytohydrolytic enzymes of barley are not appreciably weakened in their respective actions by a saturated aqueous solution j of chloroform.t A number of grains of barley were degermed, j and, after being softened by a sufficiently long steep in chloroform-1 water, were placed in the usual manner on a mica-raft, which was 1 floated on water kept fully saturated with chloroform during the whole | of the experiment. Under these conditions bacterial growth was^ quite inhibited, as was also any autonomous action due to the endo-1 sperm-cells, but the pre-existent enzymes, on the other hand, were) allowed full play to produce any alterations of which they were j capable.
Not even the feeblest action of any kind could ever be detected in the endosperm-tissue placed under these conditions, even after the lapse of several weeks, and we must therefore regard such experiments as fatal to the view that pre-existent enzymes exercise any appreciable influence in bringing about the well-marked and definite changes in the endosperm such as we have described.
We are thus led to what appears to be the only conceivable expla nation remaining,-that the phenomena are dependent on the meta bolic activity of some portion of the endosperm itself; and if this is the case, it follows that during normal germination the endosperm is not wholly passive, but takes some share with the embryo in prepar ing the reserve materials for the use of the young plant.
It now remains to ascertain how far it is possible to localise the particular part of the endosperm-tissue which is active in producing these changes, an inquiry which resolves itself into an examination of the respective functions of the aleurone-layer " and amyliferous cells respectively.
The observations of Tangl,J and more recently those of Haber-J landt, have shown that each of the " aleurone-cells " possesses proto-1 plasm with the usual reticulation of fine strands, enclosing a well-1 defined nucleus, and presenting all the usual cytological evidences i of activity. As far as we are aware, no one who has ever carefully j * * Chem. Soc. Jonm.,' 1890, p. 507 ; ibid., 1892, p. 362. + These facts were determined by estimating the diastatic and cytohydrolytie 1 powers respectively of extracts of the grain made under similar conditions, in the | one case with water only, and in the other with a saturated aqueous solution o f 1 chloroform. The determinations of diastatic activity were made by Lintner's method, I and those of the cytohydrolytic by the times necessary to produce visible action on 1 the cell-membranes of thin sections of the grain immersed in the two liquids. examined these cells during the germinative period has ever doubted that they are actually living units.* The cytological evidence as to the state of the amyliferous cells is not so clear, and we have been unable to find any record of a systematic examination of the appearances presented by their proto plasmic contents.
The difficulties of examination are, of course, much greater here than they are in the case of tbe " aleurone-cells," owing to the tightly packed starch-grains, which must be removed by some method incapable of acting on the other cell-contents, which they completely obscure. The ordinary reagents which are used for this pui-pose, such as acids and alkalis, are quite inadmissible, and although much better results are obtained with cold water extracts of malt, or of animal pancreas, acting for some time at 40-50° C., there are objec tions to both of these agents. The malt extract often possesses some cytohydrolytic power, which acts on the more delicate portions of the cell-membrane, and destroys the coherence of the tissue, and even when this objection is removed by previously heating the malt extract to 60-65° C. for some time, malt-proteids are often preci pitated in a finely granular form within the sections, and confuse the results.
An extract of animal pancreas is a very good solvent for starch, but since this possesses slight proteohydrolytic power in feebly acid solutions, there is a danger of solution of the protoplasmic matrix along with the starch ; and, moreover, when " liquor pancreaticus " (Benger) is used, there is considerable precipitation at 40-46° C.
No such objections, however, apply to the use of diluted and filtered mixedf human saliva. With the addition of a little thymol, to prevent putrefaction, this agent may be allowed to act on the very thinnest sections of seeds at a temperature of 46° C. (the optimum temperature for ptyalin) for many hours, without any change in the sections other than the dissolution of the starch. The starch-granules dissolve veiy completely, leaving sharply marked lacunae in the protoplasm, which can then be stained in any desired manner.
In staining, we have used a mixture of iodine-green and fuchsine. With this reagent the nucleus is stained green, and is strongly con trasted with the cytoplasm which takes up the red stain.
* Tangl also observed tbe continuity of the protoplasm in the " aleurone-layer," a continuity effected by means of fine threads passing through pores in the thick walls of contiguous cells. W alter Gardiner (' Roy. Soc. Proc.,' vol. 52, 1897, p. 100) has confirmed this, and informs us that he has also proved the existence of continuity in the cytoplasm of the amyliferous cells.
t By this is meant ordinary human saliva, consisting of the mixed secretions of the three sets of salivary glands,
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When sections of the starch-bearing portions of the mature endosperm are thus treated, it is seen that the nucleus is either extremely deformed, or, indeed, in many cases even completely dis integrated. That these appearances are not in any way due to the treatment to which the sections have been subjected is clearly shown by an examination of sections made from the endosperms of barley, taken from the fields at different stages of development, when starch is still being actively deposited within the cells. In the early stages of development the saliva-treatment gives sections in which normal and well-defined nuclei exist, but as the grain approaches maturity there is a corresponding senescence of the nucleus, resulting in the appearances just described.
It is interesting to trace the progress of this nuclear senescence, which first commences in the more deeply seated and older cells of the endosperm, gradually extending towards the periphery as the period of maturation approaches.
Just before complete ripening, the only well-formed nuclei which can be recognised are those of the last row of starch-bearing cells imme diately under the " aleurone-layer." Ultimately, unless some unfavourable circumstances arise to prevent complete maturation, these nuclei to a great extent share the fate of those of the more deeply seated cells, but they are generally deformed to a less degree.
We shall at a future time have more to say on this question as regards other seeds and its connection with the particular nature of the reserve products. The point to which we now particularly wish to draw attention is that the cytological observations indicate the existence of a very marked difference between the nuclei of the aleurone-cells and those of the amyliferous cells. There can be no doubt about the functionating power of the former, whereas it seems difficult to admit that the starch-bearing cells can exercise their full powers as living units after complete maturation, although the destruction of their nuclei may not preclude all possibilities in this direction.
Nothing short of actual trial, however, can determine whether the starch-containing cells of the endosperm retain sufficient vitality to have any action on their own cell-membrane or cell-contents, and, wit t is object in view, we have conducted a number of experi ments on large fiagments of endosperm deprived completely of their a t er® n^ aleurone-layer after being steeped for twenty-four hours, and placed under the usual favourable conditions for the rapid outwar 1 usion of any products of change. For purposes of com parison we also employed other similar fragments which had been rea e wit chloroform-water for a sufficiently long period to effecua y estroy any residual vitality, the chloroform being removed in the same m anner as described previously when tre a tin g of the in tact endosperm.
The results were in no sense doubtful. No visible changes of any kind took place u n til m icro-organism s had established themselves, when dissolution of the cell-m em brane commenced. Moreover, there was the strictest possible parallelism , at all stages, between the " dead " and the " liv in g " endosperm ous fragm ents, using these term s to express the state, at the com m encem ent of the experim ents, of those fragm ents which had or h ad not been previously put under conditions for ex tin guishing any residual vitality w hich th eir cells possessed. In this respect our la te r experim ents have fully borne out the statem ent of one of us in 1890* th a t the starch-containing portions of the endosperm are unahle to originate any visible changes in the reserves which they contain.
Thus we m ust conclude th a t it is to th e influence of the " aleuronelayer," and the " aleurone-layer " only, th a t we m ust look for those well-m arked changes w hich undoubtedly take place in the endo sperm when this is separated from its embryo and placed under favourable conditions. This is a conclusion differing m aterially from th at of the 1890 paper referred to above, which concludes w ith the following passage : " As far as the evidence goes a t present, we are certainly not justified even in suspecting th a t th e cells of the ' aleurone-layer ' are glan d u lar in the same sense as are the epithelial cells of the seutellum , and u n til evidence of a far more convincing nature is forthcom ing we m ust adhere to the opinion th a t the diastase " (and, we m ight have added, th e cytase also) " accum ulated in the germ i nating seeds of the Grasses owes its origin exclusively to the secretory glandular cells form ing this scutellar epithelium , and that the aleurone-cells belong solely to the reserve-system of th e seed." This opinion was justified by the known facts of seven years ago, but certainly requires modification in the lig h t of our more recent experim ents. I t seems, in fact, quite impossible to understand the results of these later experim ents, if we deny the power of the " aleurone-layer" to produce a considerable am ount of cytohydrolytic action on the cell-membrane, and even a certain am ount of action on the starch itself. The relative share in the modification of the endosperm-i'eserves which falls to the scutellum and the " aleurone-layer " respectively in norm al germ ination we shall con sider presently, b u t it is in the first place necessary to criticise an im portant experim ent of the 1890 paper, which at the tim e seemed absolutely conclusive against the view th a t the " aleurone-layer " has any power of modifying the endosperm-contents. W hilst in vestigating the best conditions for the development of excised # Brown and Morris, loc. ciL embryos on artificial nutrients, it was found, as we have already stated, that it is possible to " graft " the embryo from one grain on to the endosperm of another, and to obtain such close apposition of the two surfaces, by means of binding with a loop of thin silver or platinum wire, that the " graft" develops into a young plant almost as readily as if it were still nursed by its own endosperm. This fact afforded an opportunity of more closely studying the relative parts played by the embryo and endosperm in producing the initial changes in the reserve materials; for it is evident that if a degermed endosperm is subjected to some process which will with certainty kill its tissue, and a living embryo " grafted " on this endosperm will bring about in the reserve substances of the latter all the changes incidental to normal germination, then the whole idea of residual vitality in the endosperm-cells being a necessary condition of germination would become superfluous. Experiments in this direction were in the first place made by treating grains of barley with chloroform-vapour for twenty-four hours, a course of treatment which we now know must have been insufficient to have killed the resting *protoplasts ; it is, therefore, not to be wondered at that embryos " grafted " on endosperms so treated should have grown perfectly. In a further set of experiments, also described in the 1890 paper, grains of barley were soaked in absolute alcohol for six months, and after drying off the alcohol, soaking well in water, and degerming, fresh embryos applied to the endosperms were found to produce in them air the ordinary visible signs which accompany germination. This experiment was deemed to con clusively prove that the degradation of the reserve products is con ditioned by the embryo itself, and that the endosperm-cells do not take part in it.
We have now, however, every reason to believe that the " aleurone-layer was not killed by this drastic treatment with alcohol, f0 1 we have found that these cells are much more resistant to in jurious influences than the tissue of the embryo itself, and we have seen cases in which even the embryo will sprout after the grain has been immersed in alcohol for about four months,Ŵ e have recently found, in repeating and varying these experi ments, that when the grain is immersed in a dry state in chloroformwater (i.e., a saturated aqueous solution) a few hours suffice to . ®"igholi ( Nature, vol. 52, 1895, p. 544) found that seeds o f re aine t eir vitality after submersion in absolute alcohol for. more than sixteen years. Ewart (' Liverpool Biolog. Soe. Trans.,' vol. 8, 1894, p. 207) also states that the resistance of seeds to absolute alcohol is very considerable, and that those of or e u m ,a t ough killed very quickly by alcohol of 50 per cent., require submersion m absolute alcohol for seven weeks before all germinating power is lost. It will be wen, rom at as een said above in the text, that the embryos of some grains of Hordeum may be made to grow after a much longer submersion than this.
destroy th e vitality of the germ , b at th at a t least tw enty-four hours' immersion is required to perm anently destroy th e v itality of the " aleurone-layer," and th a t if this is not perfectly effected, subse quent " g ra ftin g " experim ents m ay suggest entirely erroneous con clusions.
In th e following rem arks we shall refer to those endosperms which have been thus treated with chloroform -w ater as " dead," whilst those which have been merely soaked in w ater a fte r degerm ation we shall reg ard as " living."
W hen " graftings " of em bryos are made on living and dead endo sperms respectively, and these are placed under favourable conditions for germination, very strongly m arked differences are observable w ithin a few days, both in th e ra p id ity of grow th and general appearance of the two sets of embryos, and in the n ature and extent of the concurrent changes in the endosperms.
On the " liv in g " endosperm the axial organs of the young plant develop freely, healthy rootlets are protruded, and the freely growing plum ula has all the appearances of turg id ity and firmness incidental to good nutrition. Sim ultaneously w ith this developm ent cytoliydrolysis commences under the " aleurone-layer," and, w hilst attackin g the " depleted layer," progresses peripherally and distally along the usual p ath in the endosperm . A t the same time a distinct and sometimes considerable am ount of starch-erosion is noticeable in the am yliferous cells im m ediately in contact w ith th e " aleuronela y e r" of the proxim al end of the grain, b u t this is entirely of a " sub-aleuronic ' ty p e (see antea), w hilst the starch-erosion which has taken place im m ediately under the scutellum of the " grafted " embryo is wholly of the " pitted " or " sub-squtellar " type.
The phenomena presented by the " g ra ftin g " on the " d e a d " endosperms are, on the o th er hand, of a very different character. H ere the embryo is evidently under m uch less favourable conditions for healthy grow th, since the young plan t is much smaller, the tissues of its axial organs are flaccid, aiid there is very poor rootdevelopment. A t the same tim e it is also clear th at the embryo is deriving some nutrim ent from the dead endosperm and is increasing in weight, a fact which can readily be proved by a comparison w ith the development of excised embryos in w ater-culture on a porous tile.
I h e internal changes which the dead endosperm itself undergoes when in contact w ith the living embryo are very instructive, and a careful study of them enables us, with certainty, to distinguish and delim it the autonomous changes of the endosperm from those induced by the embryo itself. Even after eight or ten days the dead endo sperms under these conditions exhibit no softening or cytohydrolysis of the tissues immediately underlying the " aleurone-layer," and this layer remains firmly attached to the subjacent amyliferons cells.
We can in this case only detect a small amount of disintegration immediately under the " grafted " embryo, and even after eight or ten days this is not found to proceed for more than 0 5 to 1 mm. from the " depleted layer." There is a partial but very incomplete cytohydrolysis of the cell-membranes constituting the " depleted layer," and a similar imperfect action can be traced microscopically in the amyliferous cells as far as the disintegration has proceeded. The starch-grains of the amyliferous cells immediately underlying the " depleted layer " show unmistakable signs of attack by normal subscutellar u pitting " without any admixture of that particular form of erosion which is characteristic of the action of the " aleurone-layer."
There can be no doubt that we here have further proof that the embryo, by means of the secretion of enzymes from its scutellar epithelium, is able to attack starch, and to assimilate the products of its hydrolysis. Abundant proof of this fact was brought forward in the 1890 paper, in which were described many experiments on the artificial nutrition of excised embryos, and this fact has been amply confirmed by Griiss in a series of very careful experiments he has recently described.* It will be remembered that when embryos were cultivated on* gelatine in which starch-granules had been suspended, it was found: that a secretion of diastatic enzyme took place from the epithelial) cells of the scutellum, which manifested itself by erosion of thei starch, and that this erosion gradually extended to a relatively con siderable depth in the gelatine medium. That this action does notj proceed with the same rapidity in " dead" endosperms, on whichj embryos have been grafted, is due to a great extent to the fact that in this latter case the starch-grains are locked up in cell-membranes which retard the diffusion of the highly colloidal diastase. Until these cell-membranes are broken down we have not the most favour able conditions for a rapid formation of soluble nutriment from the reserve materials, especially as the amyliferous cells appear to be devoid of any power of initiating such changes autonomously. One of us was originally of the opinionf that the necessary cytohydrolytic function resided in the embryo itself, and that it was manifested by; the same epithelial cells as those which produce a very active form) of diastase, but our more recent experiments have clearly shown that this power of the embryo was much overrated, and that the greater part of the cytohydroly tic process preliminary to the amylohydro-j lytic is due to the cells of the " aleurone-layer," the treatment to] which the grain was subjected in 1890 not having been sufficient to] completely destroy the vitality of these cells. This layer is the only part of the endosperm which can be recog-j * ' Pringsheim's Jahrb.,' vol. 30, 1897, p. 645. t Loc. cit.y 1890.
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nised as taking p a rt in th e preparation of the food-m aterial for th e embryo, since no evidence can be obtained of any changes beinoinitiated by the starch-containing cells th em selv es; in fact, the highly disintegrated appearance of the nuclei of these cells would in itself suggest they had ceased to function. If we were to lim it ourselves to th e observations on degerm ed endosperms in w ater-culture, we should conclude th a t the diastatic function of the " aleurone-layer " is very small indeed, and this is also apparently confirmed by the im possibility of dem onstrating the existence of such a function in the " aleurone-layer" when we employ the methods which have been so successful in this direction in the case of preparations of the scutellum.
W hen the integum ents w ith the " aleurone-layer" attached are perfectly freed from th e starch-containing cells, and are placed face downwards on starch-gelatine, we have never been able to obtain any evidence of action on the starch, and even when th e preparation was made so as to include a layer of the am yliferous cells, which were kept m oist on gelatine, no influence was exerted on the contained starch. U nder these circum stances, however, there is an entire absence of cytohydrolytic as well as of am ylohydrolytic action, and since the form er is so well m arked in degerm ed endosperms in w ater-culture, we can only conclude th at the separated " aleuronelayer for some reason or o ther will not exercise its norm al function in the same m anner as the scutellar epithelium placed under sim ilar conditions. I t is also to be remem bered th a t in those cases where the endo sperm is in actual contact with the embryo, eith er as in natural germ ination, or as in the " g ra ftin g " experim ents, the special changes induced by the " alenronic " layer proceed much more rapidly th an in isolated endosperms in w ater-culture, and this accele rated action is m uch more evident in the case of the diastatic than of the cytohydrolytic action.
I t would appear, therefore, th at although one of the principal func tions of the " aleurone-cells " is to break down the cell-membrane of the amyliferous endosperm, these cells also share with the scutellum the power of eroding starch-granules.
Owing to the different method of attack on the starch, it now ibecomes possible, for the first time, to discriminate one form of action from the other, b u t it is very difficult to apportion the part played by scutellum and " aleurone-layer " respectively, for the amount of action of either depends not only on the enzymic intensity for equal areas of the two tissues, but also on the total areas facing the endosperm-contents in each case.
Since the total area of the " aleurone-layer" is considerably [greater than th a t of tne scutellar epithelium, the influence of the
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former may be as great or even greater than that of the scutellura in the early stages of germination, even if its specific enzymic in tensity is very much less.
There is another probable function of the " aleurone-iayer " which may indirectly be of great value to the seed. These cells, which undoubtedly contain living elements, constitute the outermost peri pheral layer of ah otherwise dead endosperm, which, were it not for this protective sheathing of living cells, would be much more liable to the attacks of any of the micro-organisms of the soil which suc ceeded impenetrating the seed-envelopes. It is a noteworthy fact that the " aleuronic " cells are much more fully developed over those parts of the seed which may be regarded as devoid of life, and become very much more attenuated where they come into proximity | with the embryo whose cells, owing to their activity, do not require i an equal amount of protection. In the case of barley the threefold ! layer of " aleurone-cells " lying within the pericarp and testa con-j stitutes a triple line of defence, which must be of some value in protecting the amyliferous cells against^ the hordes of external organisms when the grain is placed under the natural conditions: suitable for germination.
We must express our great thanks to Mr. W. T. Thiselton Dyer and Dr. D. H. Scott for the opportunities they have afforded us for carrying out this research at the Jodrell Laboratory.
Addendum.
Since writing the above we have for the first time seen the full and expanded account which Puriewitsch has given of his work in Pringsheim's ' Jahrbuch,' vol. 31, 1897, p. 1.
His observations on the self-depletion of the endosperm of the Graminece take account only of the erosion and dissolution of the reserve starch. He does not call attention to the equally im portant and necessary antecedent phenomena of cytohydrolvsis, which admit of a determination of the " alenronic '' or peripheral origin of the autonomous changes and their mode of progression in ^ the endosperm. Puriewitsch, in fact, regards every cell of the j endosperm as capanle of functioning as a depletive agent, whereas our own work points strongly to the conclusion that when an endo-1 sperm is deprived of its embryo the subsequent chemical changes j within it are initiated by the " aleurone-layer " only.
It is correctly stated that such action commences near the scutellar. j surface, and extends peripherally under the aleurone-layer ** ; but 1 the author explains this by the observations of Brown and Morris, j and Griiss,* that the proximal half of the endosperm contains more |j Ih e recent experiments of Gruss in this direction were made on maize, not on | barley,
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Lis o f Paper diastase than the distal. T his cannot be the tru e explanation, since we find th at the pre-existent enzymes of the endosperm practically play no p a rt in th e self-depletion.
DESCRIPTION OF PLATE 1.
F ig . 1.-Examples of "s ub-scutellaf " starch-erosion, showing in advanced forms. Two granules, the one in the centre of the field, the other on the right, show incipient " sub-aleuronic " erosion. 
